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Original Article

The Comparison of Physician to Computer Interpreted
Electrocardiograms on ST-elevation Myocardial Infarction
Door-to-balloon Times
Sagger Mawri, MD,* Alexander Michaels, MD,* Joseph Gibbs, MD,* Sunay Shah, MD,† Sunil Rao, MD,†
Aaron Kugelmass, MD,† Natesh Lingam, MD,† Muhammad Arida, MD,† Gordon Jacobsen, MS,‡
Ian Rowlandson, MS,§ Karthik Iyer, MD,† Akshay Khandelwal, MD,† and James McCord, MD†
Objective: The purpose of the project was to study the impact that immediate
physician electrocardiogram (ECG) interpretation would have on door-toballoon times in ST-elevation myocardial infarction (STEMI) as compared
with computer-interpreted ECGs.
Methods: This was a retrospective cohort study of 340 consecutive patients
from September 2003 to December 2009 with STEMI who underwent
emergent cardiac catheterization and percutaneous coronary intervention.
Patients were stratified into 2 groups based on the computer-interpreted
ECG interpretation: those with acute myocardial infarction identified by
the computer interpretation and those not identified as acute myocardial
infarction. Patients (n = 173) from September 2003 to June 2006 had their
initial ECG reviewed by the triage nurse, while patients from July 2006
to December 2009 (n = 167) had their ECG reviewed by the emergency
department physician within 10 minutes. Times for catheterization
laboratory activation and percutaneous coronary intervention were recorded
in all patients.
Results: Of the 340 patients with confirmed STEMI, 102 (30%) patients
were not identified by computer interpretation. Comparing the prior
protocol of computer ECG to physician interpretation, the latter resulted in
significant improvements in median catheterization laboratory activation time
{19 minutes [interquartile range (IQR): 10–37] vs. 16 minutes [IQR: 8-29];
P < 0.029} and in median door-to-balloon time [113 minutes (IQR: 86–143)
vs. 85 minutes (IQR: 62–106); P < 0.001].
Conclusion: The computer-interpreted ECG failed to identify a significant
number of patients with STEMI. The immediate review of ECGs by an
emergency physician led to faster activation of the catheterization laboratory,
and door-to-balloon times in patients with STEMI.
Key Words: acute myocardial infarction, coronary stent, ECG, ST-segment
elevation myocardial infarction
(Crit Pathways in Cardiol 2016;15: 22–25)

D

espite advances in reperfusion therapy, ST-elevation myocardial infarction (STEMI) remains a major cause of mortality and
morbidity in the US and across the world.1–3 Primary percutaneous
coronary intervention remains the cornerstone in the management of
patients with STEMI.4,5 Time to reperfusion is the most important
factor in improving outcomes in these patients.6,7 Current guidelines
by the American College of Cardiology/American Heart Association
recommend that an electrocardiogram (ECG) be performed within
10 minutes and primary percutaneous coronary intervention within
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90 minutes for patients presenting to the emergency department (ED)
with STEMI.6–8
Thus, to salvage as much myocardial tissue as possible, it is
important to have a strategy for the rapid triage of patients presenting to
the ED with suspected STEMI.9,10 Some ambulance services and EDs
utilize ECG protocols that rely on computer interpretation for the initial
triage of patients with suspected STEMI.11–14 Accurate identification of
STEMI by computer-interpreted ECG (C-ECG) may assist in facilitating the timeliness of reperfusion. However, overreliance on C-ECG
interpretation may lead to delayed treatment in STEMI patients who
are not initially identified by the ECG machine. We sought to compare
an initial C-ECG to an immediate ED physician ECG interpretation
strategy, and assess the impact that this may have on catheterization
activation and door-to-balloon times in patients with STEMI.

METHODS
The Henry Ford Hospital (Detroit, MI) is a tertiary care center
that offers primary percutaneous coronary intervention. Patients with
the following characteristics receive an immediate ECG in triage in
the ED: age > 30 years with nontraumatic chest pain or >50 years
with chest pain, syncope, palpitations, dyspnea, nausea, or vomiting. This study compared 2 ECG triage strategies: the prior strategy where the nurse reviewed the C-ECG and triaged immediately
to the ED physician if there were any concerning findings, and the
current strategy where all ECGs were interpreted by an ED physician
within 10 minutes. In the prior strategy, if the nurse did not hand the
ECG to the physician, it would be attached to the chart and would
be reviewed in the order that patients were seen. The ECGs were
placed into 2 categories depending on the initial C-ECG interpretation: acute myocardial infarction (AMI) with asterisks (*** ACUTE
MYOCARDIAL INFARCTION ***), and all other ECGs where the
computer interpretation did not identify AMI.
We reviewed a total of 340 consecutive patients between
September 2003 and December 2009 with confirmed STEMI who
presented to our institution with ECG changes that met criteria for
reperfusion and subsequently underwent primary percutaneous coronary intervention. The first cohort of patients (n = 173) were studied
between September 2003 and June 2006 using the C-ECG interpretation protocol. The second cohort of patients (n = 167) were studied
between July 2006 and December 2009 using the immediate physician
ECG-interpretation protocol. The Institutional Review Board of Henry
Ford Hospital approved the study. Baseline demographic data were
obtained by reviewing the electronic medical record. Catheterization
laboratory activation time was defined as the time from initial ECG to
the call to the catheterization laboratory STEMI coordinator; door-toballoon time was defined as ED registration time to the first crossing of
the culprit lesion in the catheterization laboratory. Patients who developed STEMI after being admitted to the hospital and transfer patients
were excluded. The catheterization laboratory was activated only by
the ED physician after validation of the ECG.
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TABLE 1.

Physician vs. Computer ECG Interpretation in STEMI

Baseline Characteristics of ECG-interpreted AMI vs. Non-AMI Study Groups

Variable

Overall
(n = 340)

AMI ECG Interpretation
(n = 238)

Non-AMI ECG
Interpretation (n = 102)

58.5 ± 12.7

58.0 ± 12.3

59.6 ± 13.3

P

Age in years (mean ± SD)
Gender
 Female
 Male
Race
 White
 African-American
 All others
Diabetes mellitus
Hypertension
Hyperlipidemia
Chronic kidney disease
Prior myocardial infarction
History of CHF

NS
NS

113 (33.2%)
227 (66.8%)

77 (32.4%)
161 (67.6%)

36 (35.3%)
66 (64.7%)

155 (45.6%)
161 (47.4%)
24 (7.1%)
73 (21.5%)
230 (67.6%)
166 (48.8%)
37 (10.9%)
60 (17.6%)
43 (12.6%)

112 (47.1%)
108 (45.4%)
18 (7.6%)
55 (23.1%)
155 (65.1%)
114 (47.9%)
25 (10.5%)
40 (16.8%)
25 (10.5%)

43 (42.2%)
53 (52.0%)
6 (5.9%)
18 (17.6%)
75 (73.5%)
52 (51.0%)
12 (11.8%)
20 (19.6%)
18 (17.6%)

NS
NS
NS
NS
NS
NS

Smoker

148 (43.5%)

105 (44.1%)

43 (42.2%)

NS

NS

Categorical parameters are presented as number and percentage. Statistical significance was set as P < 0.05.
AMI indicates acute myocardial infarction; CHF, congestive heart failure; ECG, electrocardiogram; SD, standard deviation.

Comparisons of the laboratory activation time and door-toballoon time between the prior and current strategies were performed
using the Wilcoxon rank sum test due to the non-normal distribution
of the time durations. Patient characteristics were compared between
the AMI and non-AMI patients using 2-sample t tests for normally
distributed numeric data, the Wilcoxon rank sum tests for non-normally distributed numerical data, and the χ2 test for categorical data.
P values <0.05 were considered statistically significant. All analyses
were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC).

RESULTS
A total of 340 patients who presented to the ED with STEMI
and subsequently underwent primary percutaneous coronary intervention were studied. Based on their C-ECG interpretation, these
patients were categorized into an “AMI” as identified by the C-ECG
interpretation (n = 238) and a “non-AMI” group (n = 102). There
was no difference between either group in relation to age, gender,
race, and history of diabetes, hypertension, hyperlipidemia, chronic
kidney disease, prior myocardial infarction, and history of congestive
heart failure or smoking (Table 1). Furthermore, there was no difference in demographics among patients during the C-ECG (n = 173)
and ED physician ECG (n = 167) interpretation protocols.
Of the 340 patients with STEMI, there were 102 (30%)
patients that were not identified by the C-ECG interpretation as
having AMI whose ECGs met the criteria for STEMI after review
by the ED physician. This unrecognized group of patients was categorized based on computer interpretations into the following categories: “myocardial infarction of unknown onset” (16%), “other”
(13%), and left bundle branch block (1%; Fig. 1). When comparing
the initial protocol of C-ECG strategy to immediate physician interpretation, the latter resulted in significant improvements in median
catheterization laboratory activation time {19 minutes [interquartile
range (IQR): 10–37] vs. 16 minutes [IQR: 8–29]; P < 0.029} and
in median door-to-balloon time [113 minutes (IQR: 86–143) vs.
85 minutes (IQR: 62–106); P < 0.001].
The largest improvement in time measures after the implementation of the immediate ED interpretation strategy occurred in the group
where AMI was not identified by the C-ECG interpretation (Table 2).
© 2016 Wolters Kluwer Health, Inc. All rights reserved.

FIGURE 1. Proportions of the different computer-ECG interpretation categories. ECG indicates electrocardiogram; LBBB,
left bundle branch block; MI, myocardial infarction.
In this cohort of patients, after the implementation of the current strategy, the median time to catheterization laboratory activation improved
from 35 minutes (25, 75) to 14 minutes (25, 75; P = 0.005) and the
median door-to-balloon times improved from 134 minutes to 85 minutes (P < 0.001). In patients where the C-ECG interpretation identified
AMI, there was a trend toward improvement in catheterization activation time that did not reach statistical significance, but there was a
significant improvement in door-to-balloon time from 108 minutes to
85 minutes. This improvement likely reflects other ongoing process
initiatives involving the management of STEMI patients.

DISCUSSION
The standard 12-lead ECG provides a recording based on
the measured amplitudes and frequencies of transmembrane voltage potentials and intervals during different stages of the cardiac
conduction cycle.15 ECG machines provide automated readings of
these measured variables, yet differences in the software algorithms
of each ECG machine can lead to substantial differences in the generated readings.15 Before the advent of reperfusion therapies, the
effectiveness of the ECG to automatically detect AMI had not been
evaluated; the computerized interpretation of ECG has evolved significantly over the years.
The introduction of prehospital ECGs during the investigative
work done as part of the Myocardial Infarction Triage and Intervention
www.critpathcardio.com  |  23
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TABLE 2. A Comparison of Quality Measures Within the AMI and Non-AMI ECG Interpretation Categories Between Prior and
Current ECG Protocol
Prior Protocol (n = 173)
Mean ± SD
AMI ECG interpretation (n = 238)
 CLA
25.1 ± 27.4
 DTB
111.7 ± 44.3
Non-AMI ECG Interpretation (n = 102)
 CLA
45.0 ± 58.3
 DTB

148.5 ± 78.0

Current Protocol (n = 167)

Median (IQR)

Mean ± SD

Median (IQR)

P

19 (9–29)
108 (79–132)

19.5 ± 14.1
84.7 ± 29.3

16 (8–28)
85 (63–103)

0.442
<0.001

35 (13–54)

23.0 ± 23.4

14 (7–31)

134 (100–177)

88.4 ± 39.0

85 (60–109)

0.005
<0.001

In comparing prior vs. current protocol, statistically significant P < 0.05.
AMI indicates acute myocardial infarction; CLA, catheterization laboratory activation time; DTB, door-to-balloon time; ECG, electrocardiogram; IQR, interquartile range.

Project (MITI) allowed for the rapid evaluation of patients with
chest pain and proved useful in identifying patients with STEMI by
untrained readers, such as triage personnel.16 Before the MITI trial,
computerized recognition of STEMI was based on the presence of
elevated and convex ST segments.17 During this era, thrombolytic
therapy was the only treatment for STEMI, and due to the inherent
bleeding risk of thrombolytic therapy, the MITI investigators sought
highly specific computerized recognition of STEMI. During the pilot
phase of the MITI trial, detection of reciprocal ST-segment depression was added to the ECG software program with a resultant 2-fold
improvement in sensitivity for identifying STEMI without a loss in
specificity.17 The sensitivity of GE’s Marquette 12SL program (GE
Healthcare, Little Chalfont, Buckinghamshire, UK) was optimized
and prospectively tested as part of the MITI trial with a reported positive predictive value of C-ECG interpretation of 94% and negative
predictive value of 81%.16
Following the MITI trial, substantial work was done in an
attempt to increase the sensitivity of the C-ECG program. However,
to achieve this led to the compromise of the specificity, which was
deemed unwarranted given the low prevalence of STEMI in the chest
pain population (≈5%).18 As opposed to thrombolytic therapy, adoption of primary percutaneous coronary intervention and its inherent
lower complication rates for the treatment of STEMI provided an
opportunity to increase the sensitivity for the computerized recognition of STEMI even at the expense of a lower specificity. However,
the increased software sensitivity for detection of STEMI led to
more inappropriate activations of the cardiac catheterization laboratory.19–21 An alternate strategy was chosen to maintain the same level
of specificity for identification of STEMI, which included a computer
interpretation option of “***CONSIDER ACUTE CORONARY
SYNDROME***.” In contrast to “STEMI,” this new statement
allows the physician to be alerted to a critical condition without making the final determination of a STEMI and can be made by the latest
version of GE’s Marquette 12SL (version 22) program. In contrast to
“STEMI,” the statement above was found to have higher sensitivity
for the detection of STEMI than the physician. In a study of 1902
clinically correlated out-of-hospital ECGs, it was found to increase
the sensitivity of the over-reading cardiologist as well as the ED physician for the detection of acute coronary syndrome without a loss in
specificity.22
Despite significant improvements in ECG software, accurate
ECG recording depends on many variables, including lead placement, weight, movement, coexisting electrolyte abnormalities, and
symptoms. Only a physician can take into consideration these factors
and clinically correlate them with a patient’s ECG recording. The initial ECG in patients with early angina symptoms is often unremarkable, as there has been insufficient time for substantial myocardial
injury to occur. One study conducted in Denmark found that C-ECG
24  |  www.critpathcardio.com

recordings taken during emergency medical services transport were
negative in 1 out of every 5 cases that were later confirmed to be
STEMI.23 Therefore, physician-based ECG interpretation should be
considered the gold standard in the management of patients with possible acute coronary syndrome.
Our study does have some inherent limitations that should be
considered with interpretation of our results. First, our study was a
single-center retrospective cohort trial in a large urban referral center. These findings may not apply to other patient populations. An
important limitation to our study is the lack of clinical outcomes,
although it is well established that reduction in door-to-balloon time
is associated with improved clinical outcomes in patients presenting with STEMI.24–27 Also, while we observed reduction in CLA and
DTB times during implementation of the current ECG interpretation protocol, being in a high-volume primary angioplasty center,
we recognize that other institutional initiatives to improve these
quality measures may have contributed and thus were not captured
with the inherent limitations of our retrospective study. Ideally, a
prospectively designed study could have minimized such confounders. Our study was also limited to patients presenting with STEMI.
Therefore, the effect of immediate ECG review by an ED physician
in patients presenting with non-STEMI was not assessed. An assessment of false-positive catheterization laboratory activations was also
not performed, and is an important area to explore. Finally, it is also
important to point out that our study was performed using 4 different versions of the GE Marquette 12SL ECG software. Each version
of the software was updated and has the potential to give different
results in the C-ECG interpretation.
In conclusion, before inception of our ED physician ECG
interpretation protocol, the prior C-ECG interpretation strategy
failed to identify a 30% of patients with STEMI. Patients who were
not identified as having STEMI by computer interpretation had longer catheterization laboratory and door-to-balloon times than those
who were identified. Adopting a new strategy relying on immediate ECG review by an ED physician led to faster activation of the
catheterization laboratory and door-to-balloon times in patients with
STEMI.
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